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TITLE OF THE INVENTION 



PROCESS FOR THE HYDROGENATION OF ACETONE 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a process for the hydrogenation of acetone to give 

isopropanol. 

Description of the Background 

Acetone is a large-volume industrial product and can be prepared in specific ways, e.g. by 
oxidation of propane, or as a coproduct in the Hook phenol synthesis. 
10 In the Hook phenol synthesis, one molecule of acetone is obtained per molecule of 

phenol. The demand for phenol is very different from that for acetone. For example, phenol and 
acetone are consumed in a ratio of 2: 1 in the synthesis of bisphenol A. 

A possible downstream product of acetone is isopropanol which has a significantly 
broader range of use. A very significant proportion of the isopropanol is converted into ethers, in 
15 particular diisopropyl ether and tert-butyl isopropyl ether. 

The conversion of acetone into isopropanol is generally conducted by catalytic 
hydrogenation. For the production of isopropanol ethers, processes of hydrogenation and 
etherification are combined. Thus, EP 0 694 518, EP 0 665 207, EP 0 652 200 and EP 0 661 257 
disclose processes for preparing various isopropyl ethers. The disclosures of these patent 
20 applications involve the following process sequence: 

a) Catalytic hydrogenation of an acetone-containing liquid phase. 

b) Etherification of the resulting isopropanol over acid catalyst systems. 

The process steps a) and b) are conducted one after the other, i.e. without work-up of the 
product mixture obtained from a). 
25 Furthermore, EP 0 665 207 teaches a single-stage process in which a) and b) are 



-1- 



conducted by means of a suitable combination catalyst in a single reactor. Because of by-product 
formation (the processes are designed for the preparation of isopropyl ether), isolation of the 
isopropanol after the reaction step a) is very costly. 

The process described in EP 0 379 323 is a better method of preparing isopropanol from 
5 acetone. In this process, acetone is catalytically hydrogenated at a temperature of from 20 to 

200°C at pressures of from 1 to 80 bar using, as a matter of necessity, a trickle reactor. Trickle 
reactors are used in order to create a high mass transfer area between liquid and gas. They 
therefore have to have a trickle surface having a large surface area. The quality of the 
isopropanol obtained and the amount of by-products is not discussed. 

10 For many applications, isopropanol must not contain by-products such as isopropyl ether 

nor traces of solvent from the hydrogenation of acetone. This is particularly true in the case 
where isopropanol is used in medical and cosmetic applications for the preparation of 
downstream products where isopropanol of a very high degree of purity is required. High 
degrees of purity can be achieved on an industrial scale only upon the implementation of costly 

15 purification steps. Thus, for example, when isopropanol is prepared by introduction of water into 
propane, sulfur-containing compounds which are present in the isopropanol product can prevent 
its use in the cosmetic or pharmaceutical industry. Removal of these contaminating components 
is only possible by further treatment of the isopropanol with activated carbon, A1 2 0 3 or metals 
such as copper or nickel. A need continues to exist for a method of producing higher purity 

20 isopropanol by the hydrogenation of acetone. 

Summary of the Invention 
Accordingly, one object of the present invention is to provide a process for more 
efficiently hydrogenating acetone to yield highly pure isopropanol. 

Briefly, this object and other objects of the present invention as hereinafter will become 

25 more readily apparent can be attained by a process for preparing isopropanol of high purity, 
which comprises: 

hydrogenating acetone in the liquid-phase in at least two hydrogenation process stages, 
thereby preparing isopropanol product. 
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Brief Description of the Drawings 
A more complete appreciation of the invention and many of the attendant advantages 
thereof will be readily obtained as the same becomes better understood by reference to the 
following detailed description when considered in connection with the accompanying drawings, 
5 wherein: 

Figure 1 is a schematic diagram of the invention showing the hydrogenation of acetone in 
two reactors which are a circulation reactor and a shaft oven; and 

Figure 2 is a schematic diagram showing the batchwise hydrogenation of acetone. 
Detailed Description of the Preferred Embodiments 
10 It has now been surprisingly found that acetone can be hydrogenated in a multistage 

process to give isopropanol product of high purity. 

The process of the invention can be used for the industrial-scale preparation (> 100,000 
metric tons per annum) of isopropanol from acetone. The formation of by-products is virtually 
completely avoided so that complicated post-reaction processing is unnecessary. 
1 5 The present invention accordingly provides a process for the hydrogenation of acetone to 

isopropanol product, wherein hydrogenation is conducted by liquid-phase hydrogenation in at 
least two stages. 

The following reactions can occur in the hydrogenation of acetone: 
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After the alkali-catalyzed aldol condensation a) of acetone to diacetone alcohol (DAA), 
elimination of water leads to 4-methyl-3-penten-2-one (mesityl oxide, MOX). The 
hydrogenation of the intermediate MOX leads via 4-methyl-2-pentanone (methyl isobutyl 
ketone, MIBK) to 4-methyl-2-pentanol (MPOL). However, DAA can also be hydrogenated 
directly to hexylene glycol (HG). The desired product IPA can also react further with 
elimination of water b) to form the undesired diisopropyl ether (DIPE). 

A suitable catalyst for the reaction should, if possible, be one which functions under 
neutral reaction conditions so that it does not catalyze the undesirable secondary reaction of IPA, 
the aldol condensation and the subsequent elimination of water. 

-4- 



Some of the abovementioned secondary reactions proceed with elimination of water. In 
order to suppress these secondary reactions, i.e. in order to increase selectivity, the addition of a 
small amount of water is therefore conceivable. This addition of water, which is undesirable in 
some specific uses of the isopropanol, remains in the product mixture and may have to be 
5 removed. 

In contrast, the present invention makes it possible to hydrogenate acetone containing a 
very small amount of water. This is all the more surprising, since in the abovementioned 
literature, an addition of water to the feed stream is necessary in order to increase selectivity or to 
reduce by-product formation. 
10 In the process of the invention, acetone having a water content of less than or equal to 

1.0% by weight, preferably less than or equal to 0.5% by weight, very particularly preferably 
0.2% by weight can be hydrogenated to form isopropanol. 

The high conversions sought in industrial- scale processes can in the present case be 
achieved either by means of circulation reactors or reactors in cascade connected in series. 
15 The multistage process of the invention enables acetone to be hydrogenated to give 

isopropanol of high purity. The individual, parallel and/or cascade process stages can be 
configured as circulation reactors or tube reactors. 

The reaction conditions can be varied within wide limits. That is; the liquid-phase 
hydrogenation can be conducted at a temperature of 60 to 140°C, preferably 70 to 130°C, and a 
20 pressure of 20 to 50 bar, preferably 25 to 35 bar. The temperature and pressure conditions can 
differ in the various process stages. 

In general, an excess of hydrogen is employed; the molar ratio of hydrogen to acetone 



ranging from 1.5:1 to 1:1. 

In a specific embodiment of the process of the invention, the hydrogenation reaction is 
conducted in two process stages where the reactor of the 1st process stage is configured as a 
circulation reactor and the reactor of the 2nd process stage is configured as a tube reactor. 
5 A simplified flow diagram of an embodiment of the process of the invention together 

with a few optional components is shown in Fig. 1 . 

The flow scheme shows upstream circulation reactor A with the ability to recycle 
product. The conversion which occurs here is a major part of the required hydrogenation 
conversion. Reactor A operates at a high concentration' level and can be operated using a small 

10 circulation ratio The product from the circulation reactor can then be subjected to intermediate 
cooling in apparatus component (B). The hydrogenation in the final conversion step is 
conducted in a shaft oven (C) which operates as a tube reactor without product recirculation. The 
hydrogen feed and discharge lines are denoted by a) and the product line is denoted by p). Both 
reactors A and C are designed as adiabatic reactors. 

1 5 The starting temperature of the first process stage is advantageously ranges from 50 to 

90°C and the total pressure ranges from 10 to 30 bar. If the catalyst has a high initial activity, it 
is possible either to reduce the starting temperature or to increase the circulation ratio in the first 
reactor so as to be able to set the outlet temperature to correspond to the inlet temperature of the 
second reactor. 

20 The reactor of the first process stage can be operated as a circulation reactor with a 

circulation ratio ranging from 6 to 10. The concentration of acetone in the circulating stream 
drops by from 8 to 20% by weight while the concentration of isopropanol increases by the 



corresponding amount. The hydrogenation reaction is exothermic so that cooling should be 
provided in or downstream of the circulation reactor. The liquid-phase hydrogenation of the first 
process stage can be conducted at a temperature ranging from 60 to 130°C, preferably from 80 to 
120°C, and a pressure ranging from 20 to 50 bar, preferably from 25 to 35 bar. 

5 The second process stage, which is operated with the characteristics of a tube reactor, can 

be conducted at a temperature ranging from 60 to 140°C, preferably from 70 to 130°C, and a 
pressure ranging from 20 to 50 bar. 

The same hydrogenation catalyst can be used in the different process stages. Suitable 
catalysts include commercial hydrogenation catalysts comprising Cu, Cr, Ru or Ni as the active 

10 component on a A1 2 0 3 , Ti0 2 or Zr0 2 support. In the process of the invention, nickel-containing 
catalysts, e.g. comprising about 1 0% by weight of nickel on a neutral support, have been found 
to be useful. 

The support material for the catalyst should in all cases be neutral. Neutral support 
materials include, for example, a-Al 2 0 3 , Ti0 2 , Zr0 2 and mullite. 

15 The process of the invention provides isopropanol of high purity. The total concentration 

of the by-products formed in the hydrogenation, e.g. 4-methyl-3-penten-2-one, 4-methyl-2- 
pentanol, diacetone alcohol, hexylene glycol and diisopropyl ether, can be less than 300 ppm, 
preferably less than 200 ppm, very particularly preferably less than 100 ppm. 

The multistage reactor concept offers further advantages because of its high flexibility. 

20 Circulation ratio, pressure and temperature can be set independently in the reactors. Should the 
catalyst activity in a reactor decrease, it is possible, for example, to allow a correspondingly 
higher temperature in the next reactor. 



When designing the reactors, good liquid distribution or a high gas exchange area should 
be ensured. This can be achieved by means of a suitable liquid distributor, e.g. Raschig rings, 
wire mesh or Sulzer mixers, and a sufficiently high throughput per unit cross-sectional area (viz. 
linear velocity) of at least 30 m 3 /m 2 .h. 

Having now generally described this invention, a further understanding can be obtained 
by reference to certain specific examples which are provided herein for purposes of illustration 
only and are not intended to be limiting unless otherwise specified. 
Example : 

An experimental plant as shown in Fig. 2 was set-up. 

In batchwise experiments, starting material F is allowed to flow into separation vessel A 
and is pumped around the circuit of the scheme and in the process by- passes reactor R. The 
apparatus including the reactor is subsequently brought to the desired reaction conditions. At the 
commencement of the reaction, appropriated switches are turned so as to permit the flow of 
material in the circuit to flow the reactor R. After about 5 minutes, constant temperature and 
pressure have become established and the first product samples are taken. Hydrogen is 
introduced into the reactor and is discharged from the system via lines H and G, respectively. 
Using different suitable catalyst weights in the reactor, the pump circulation of material yields 
product at different conversions on a single pass through the catalyst bed of the reactor. 
Furthermore, isothermal operation is guaranteed, which simplifies the kinetic evaluation of the 
experiments. Taking samples at various times during the experiment enables a concentration- 
contact time curve to be recorded. Such experiments correspond to the reactor engineering 
model of a discontinuously operated stirred tank or a tube reactor. 



A nickel-containing catalyst (10% by weight of nickel) on a neutral a-Al 2 0 3 support was 

used. 

Experimental results: 

Circulation reactor of the 1st process stage: 

5 Inlet temperature 70°C 

Outlet temperature 1 1 5°C 
Circulation ratio 1 : 8 
Linear velocity 220 m/h 

Percent by weight at inlet Percent by weight at outlet 

10 Acetone 22.2 12.5 

Isopropanol 77.8 87.5 

Tube reactor of the 2nd process stage: 
Inlet temperature 70°C 
Outlet temperature 1 26 °C 
15 Linear velocity 38 m/h 

Percent by weight at inlet 
Acetone 12.5 
Isopropanol 87.5 
By-products 



Percent by weight at outlet 
0.54 
99.45 
<100 ppm 
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By-products of the hydrogenation reaction include: methyl isobutyl ketone, 4-methyl-2- 
pentanol, hexylene glycol and other high-boilers whose identities were not determined. 

The disclosure of German priority application Serial Number 199 33 691.1 filed July 17, 
1999 is hereby incorporated by reference into the present application. 

Obviously, numerous modifications and variations of the present invention are possible in 
light of the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described herein 
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What Is Claimed As New And Is Intended To Be Secured By Letters Patent Is : 



1. A process for the hydrogenation of acetone, which comprises: 

conducting the liquid-phase hydrogenation of acetone in at least two hydrogenation 
process stages, thereby preparing isopropanol product. 

2. The process as claimed in claim 1, wherein the liquid-phase hydrogenation in a first 
stage is conducted at a temperature of 60 to 140°C and a pressure of 20 to 50 bar. 

3. The process as claimed in claim 1, wherein, in the product isopropanol which is 
formed, the total concentration of the by-products which are formed does not exceed 300 ppm. 

4. The process as claimed in claim 1, wherein the acetone to be hydrogenated has a water 
content of less than or equal to 1.0% by weight. 

5. The process as claimed in claim 4, wherein the acetone to be hydrogenated has a water 
content of less than or equal to 0.5% by weight. 

6. The process as claimed in claim 5, wherein the acetone to be hydrogenated has a water 
content of less than or equal to 0.2% by weight. 



7. The process as claimed in claim 1, wherein the liquid-phase hydrogenation reaction is 
conducted in the presence of a nickel containing catalyst on a neutral support. 

8. The process as claimed in claim 7, wherein said neutral support is cc-Al 2 0 3 . 

9. The process as claimed in claim 2, wherein the liquid-phase hydrogenation is 
conducted at a temperature of 70 to 130°C, and a pressure of 25 to 35 bar. 

10. The process as claimed in claim 1, wherein the liquid-phase hydrogenation in a 
second stage is conducted at a temperature of 60 to 140°C, and a pressure ranging from 20 to 50 
bar. 70 to 130°C. 

11. The process as claimed in claim 10, wherein the liquid-phase hydrogenation is 
conducted at a temperature of 70 to 130°C. 

12. The process as claimed in claim 1, wherein the hydrogenation is conducted at a molar 
ratio of hydrogen to acetone ranging from 1.5:1 to 1:1. 
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Abstract of the Disclosure 



Acetone is hydrogenated by a process comprising, conducting the liquid-phase 
hydrogenation of acetone in at least two hydrogenation process stages, thereby preparing 
isopropanol product with a high selectivity and in high purity. 



I:\atty\FDV\93 500 1 69.pa.wpd 
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FIGURE 1 




FIGURE 2 
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Declaration and Power of Attorney for Patent Application 
Erklarung fur Patentanmeldungen mit Vollmacht 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit an 
Eides Statt: 



daft mein Wohnsitz, meine Postanschrift und meine 
Staatsangehorigkeit den im nachstehenden nach meinem 
Namen aufgefuhrten Angaben entsprechen, da(3 ich nach 
bestem Wissen der ursprungliche, erste und alleinige 
Erfinder (falls nachstehend nur ein Name angegeben ist) 
oder ein ursprunglicher, erster und Miterfinder (falis 
nachstehend mehrere Namen aufgefuhrt sind) des 
Gegenstandes bin, fur den dieser Antrag gestellt wird und 
fur den ein Patent fur die Erfindung mit folgendem Titel 
beantragt wird: 



deren Beschreibung: 

□ ist beigefugt 

□ wurde angemeldet am _ 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated next to my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the 
invention entitled 



PROCESS FOR THE HYDROGENATION OF 



the specification of which: 
>0XX is attached hereto. 



unter der US-Anmeldenummer oder unter der 
Internationalen Anmeldenummer im Rahmen des 
Vertratgs uber die Zusammenarbeit auf dem Gebiet 
des Patentwesens (PCT) 



_ und am 

_ abgeandert (falls zutreffend). 



as United States Application Number or PCT 
International Application Number 



_ and was amended on 
_ (if applicable). 



Ich bestatige hiermit, da(3 ich den Inhalt der oben 
angegebenen Patentanmeldung, einschlieBlich der 
Anspruche, die eventuell durch einen oben erwahnten 
Zusatzantrag abgeandert wurde, durchgesehen und 
verstanden habe. 



Ich erkenne meine Pflicht zur Offenbarung jeglicher 
Informationen an, die zur Prufung der Patentfahigkeit in 
Einklang mit Titel 37, Code of Federal Regulations, § 1.56 
von Belang sind. 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56. 
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German Language Declaration 



Ich beanspruche hiermit auslandische Prioritatsvorteile gemaB 
Title 35, US-Code, § 119(a)-(d), bzw. § 365(b) aller unten 
aufgefuhrten Auslandsanmeldungen fur Patente oder 
Erfinderurkunden, oder § 365(a) aller PCT internationalen 
Anmeldungen, welche wenigstens ein Land ausser den 
Vereinigten Staaten von Amerika benennen, und habe 
nachstehend durch ankreuzen samtliche Auslandsanmeldungen 
fur Patente bzw. Erfinderurkunden oder PCT international 
Anmeldungen angegeben, deren Anmeldetag dem der 
Anmeldung, fur welche Priontat beansprucht wird, vorangeht. 



Prior foreign application(s) 

(Fruhere auslandische Anmeldungen) 



19933691.1 



I hereby claim foreign priority under Title 35, United States Code, 
§ 1 19(a)-(d) or § 365(b) of any foreign application(s) for patent or 
inventor's certificate, or § 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below, and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



17/July/1999 




Ich Beanspruche hiermit Prioritatsvorteile unter Title 35, US- 
Code, § 119(e) aller US-Hilfsanmeldungen wie unten 
aufgezahlt. 



I hereby claim the benefit under Title 35, United States Code, 
§ 119(e) of any United States provisional application(s) listed 
below. 



Ich beanspruche hiermit die mir unter Title 35, US-Code, § 120 
zustehenden Vorteile aller unten aufgefuhrten US-Patentanmeldungen 
bzw. § 365(c) aller PCT internationalen Anmeldungen, welche die 
Vereinigten Staaten von Amerika benennen, und erkenne, insofern 
der Gegenstand eines jeden fruheren Anspruchs dieser 
Patentanmeldung nicht in einer US-Patentanmeldung, bzw. PCT 
internationalen Anmeldung in in einer gemaB dem ersten Absatz von 
Title 35, US-Code, § 112 vorgeschriebenen Art und Weise offenbart 
wurde, meine Pflicht zur Offenbarung jeglicher Informationen an, die 
zur Prufung der Patentfahigkeit in Einklang mit Title 37, Code of 
Federal Regulations, § 1.56 von Belang sind und die im Zeitraum 
zwischen dem Anmeldetag der fruheren Patentanmeldung und dem 
nationalen oder im Rahmen des Vertrags uber die Zusammenarbeit 
auf dem Gebiet des Patentwesen (PCT) gultigen internationalen 
Anmeldetags bekannt geworden sind. 



I hereby claim the benefit under Title 35, United States Code, § 120 
of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, I acknowledge the 
duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations, § 1.56 which 
became available between the filing date of the prior application and 
the national or PCT International filing date of this application. 



Ich erklare hiermit, daB alle in der vorliegenden Erklarung von mir 
gemachten Angaben nach bestem Wissen und Gewissen der 
Wahrheit entsprechen, und ferner daB ich diese eidesstattliche 
Erklarung in Kenntnis dessen ablege, da(3 wissentlich und vorsatzlich 
falsche Angaben oder dergleichen gemaB § 1001, Title 18 des US- 
Code strafbar sind und mit Geldstrafe und/oder Gefangnis bestraft 
werden konnen und daB derartige wissentlich und vorsatzlich falsche 
Angaben die Rechtswirksamkeit der vorliegenden Patentanmeldung 
oder eines aufgrund deren erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder beauftrage 
ich hiermit den (die) nachstehend aufgefuhrten Patentanwalt 
(Patentanwalte) und/oder Vertreter mit der Verfolgung der 
voriiegenden Patentanmeldung sowie mit der Abwicklung aller 
damit verbundenen Angelegenheiten vor dem US-Patent- und 
Markenamt (Name(n) und Registrationsnummer(n) auf listen) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith- (list name and 
registration number) 



Norman F. Obion, Reg. No. 24,618; Marvin J. Spivak, Reg. No. 24,913; C. Irvin McClelland, Reg. No. 21,124; Gregory J. Maier, Reg. No. 25,599; 
Arthur I. Neustadt, Reg. No. 24,854; Richard D. Kelly, Reg. No. 27,757; James D. Hamilton, Reg. No. 28,421; Eckhard H. Kuesters, Reg. No. 
28,870; Robert T. Pous, Reg. No. 29,099; Charles L. Gholz, Reg. No. 26,395; William E. Beaumont, Reg. No. 30,996; Robert F. Gnuse, Reg. 
No. 27,295; Jean-Paul Lavalleye, Reg. No. 31,451; Stephen G. Baxter, Reg. No. 32,884; Robert W. Hahl, Reg. No. 33,893; Richard L. Treanor, 
Reg. No. 36,379; Steven P. Weihrouch, Reg. No. 32,829; John T. Goolkasian, Reg. No. 26, 142; Richard L. Chinn, Reg No. 34,305; Steven E. 
Lipman, Reg. No. 30,011; Carl E. Schlier, Reg. No. 34,426; James J. Kulbaski, Reg. No. 34,648; Richard A. Neifeld, Reg. No. 35,299; J. Derek 
Mason, Reg. No. 35,270; Surinder Sachar, Reg. No. 34,423; Christina M. Gadiano, Reg. No. 37,628; Jeffrey B. Mclntyre, Reg. No. 36,867; 
Paul E. Rauch, Reg No. 38,591; William T. Enos, Reg. No. 33,128 and Michael E. McCabe, Jr., Reg. No. 37,182, with full powers of 
substitution and revocation. 



Postanschrift Send Correspondence to. 

Oblon, Spivak, McClelland, Maier & Neustadt, P.C. 
FOURTH FLOOR 
1 755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VIRGINIA 22202 USA 



Telefonische Auskunfte Direct Telephone calls to (name and telephone number) 

(Name und Telefonnummer) 

(703)413-3000 



Vor- und Zuname des einzigen oder ersten Erfmders 


Full name of sole or first inventor 

Werner POMPETZKI 


Unterschrift des Erfmders Datum 


Inventor's signature — / ^ Date 

-f&ouftrftC; 22.05.2000 


Wohnsitz 


Residence / 
46284 Dorsten, GERMANY 


Staatsangehorigkeit 


Citizenship 
GERMANY 


Postanschrift 


Post Office Address 
Hellweg 156 a 




46284 Dorsten, GERMANY 
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Second inventor's signature ^ — Date 
j(KXciw~~ \}JL—lx± 22.05.2000 


Wohnsitz 


Residence 

45772 Marl, GERMANY 


Staatsangehorigkeit 


Citizenship 
GERMANY 


Postanschrift 


Post Office Address 
Bitterfelder Strasse 2 




45772 Marl, GERMANY 



(lm Falle-dntter und weiterer Miterfinder sind die entsprechenden (Supply similar information and signature for third and subsequent 
Informationen und Unterschriften hinzuzufugen ) joint inventors ) 
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German Language Declaration 





Vor- und Zuname des dritten Miterfinders (falls Zutreffend) 


Full name of third joint inventor, if any 
Dietrich MASCHMEYER 




Unterschrift des dritten Erfinders Datum 


TfrWinyentor's signature Date 
IJKMGa CxCiMJMjT 22 May 2000 




Wohnsitz 


Residence (J 

45657 Recklinghausen, GERMANY 




Staatsangehorigkeit 


Citizenship 
GERMANY 




Postanschrift 


Post Office Address 
Wickingstrasse 5 a 






45657 Recklinghausen, GERMANY 




Vor- und Zuname des vierten Miterfinders (falls Zutreffend) 


Full name of fourth joint inventor, if any 




Unterschrift des vierten Erfinders Datum 


Fourth inventor's signature Date 




Wohnsitz 


Residence 




Staatsangehorigkeit 


Citizenship 




Postanschrift 


Post Office Address 


% 






1 


Vor- und Zuname des funften Miterfinders (falls Zutreffend) 


Full name of fifth joint inventor, if any 




Unterschrift des funften Erfinders Datum 


Fifth inventor's signature Date 




Wohnsitz 


Residence 




Staatsangehorigkeit 


Citizenship 


3 


Postanschrift 


Post Office Address 










Vor- und Zuname des sechsten Miterfinders (falls Zutreffend) 


Full name of sixth joint inventor, if any 




Unterschrift des sechsten Erfinders Datum 


Sixth inventor's signature Date 




Wohnsitz 


Residence 




Staatsangehorigkeit 


Citizenship 




Postanschrift 


Post Office Address 









(Im Falle-dntter und weiterer Miterfinder sind die entsprechenden (Supply similar information and signature for third and subsequent 
Informationen und Unterschriften hinzuzufugen.) joint inventors.) 
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